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The UBIS 5000 is a quantitative ultrasound (QUS) bone sonometer to be used for the
measurement of broadband ultrasound attenuation (BUA) of the calcaneus, as an aid to
diagnose osteoporosis and to estimate the risk of subsequent atraumatic fracture. The output

is expressed in terms of both BUA and T-score.

3. CONTRAINDICATIONS

None.

4. WARNINGS

a) Do not use on a foot that has ever had a heel fracture.
b) Do not use on a foot with edema (excess water/swelling).

c) Do not use on a foot with any skin abrasion.
d) Do not use on patients with leg paralysis.

€) Do not use on patients with a lower extremity prosthesis.



f)

g
h)

a)

b)

c)
d)

g)
h)

i)

Do not use on patients under the age of 20 years old, as there is no reference database
available for this age group.

Patients must not move their foot during the scanning operation. Such movement can
cause inaccuracies in both the image and the BUA measurement.

Change the water and process the footwell between patients following the cleaning and
disinfection instructions.

. PRECAUTIONS

Users should read the Operators Manual before prescribing UBIS 5000, or interpreting

the results. UBIS 5000 should always be switched ON/OFF using the Main Switch

located at the rear of the Scanner. Do NOT individually switch off the PC, the Monitor,

or the Printer. .

Only use the UBIS 5000 indoors, in a clean dry environment. Failure to do so could

result in unsatisfactory results.

Do not store the UBIS 5000 near either a heat source or air conditioner.

The UBIS 5000 should not be moved while there is water in the footwell, as this may

cause spillage into the interior of the machine.

Use only DMS-approved Ultrasound Solution.

¢ This product is irritating to the eyes and skin when it is undiluted. In case of direct
contact with either the eyes or skin, immediately wash off with water and ask your
physician for special advice.

¢ Always rinse your hands immediately after use.

¢ In case of ingestion, do not make the person vomit and immediately call for a
physician and show the cover or label of the product.

e Do not use in combination with other products. Toxic gas (chlorine) might be
released.

Do not use this equipment in the presence of a flammable anaesthetic, oxygen, or nitrous

oxide. '

The UBIS 5000 must not be cleaned with abrasive materials, as this will cause damage to

the ultrasound probes.

All interfacing equipment (monitor, printer) must meet with IEC 60601-1 or equivalent

electrical standards.

Do not use portable cellular equipment (walkie-talkies, radio phones, portable

telephones) in the proximity of the UBIS 5000 during its operation, as this may impact

the accuracy of the measurements.

In order to avoid electrical shocks, do not remove the cover from the UBIS 5000. The

UBIS 5000 contains no user-serviceable parts.

. DEVICE DESCRIPTION

UBIS 5000 (Ultrasound Bone Scanner) is a quantitative ultrasound (QUS) bone sonometer
which measures bone properties at the calcaneus using non-audible high-frequency sound
waves. The device consists of a dedicated PC, water-bath scanner, and accessories.



The UBIS 5000 measurements are made with the patient seated in a chair with her/his foot
placed in the footwell. The heel is surrounded by approximately 0.35 liters of water
(replaced after each scan) heated to approximately 30°C (86°F). The water is an optimum
medium for the transmission of ultrasound. A focused transducer on one side of the heel
converts an electrical signal into a sound wave which passes through the water and the
patient’s heel. A second focused transducer on the opposite side of the patients heel receives
the sound wave and converts it into an electrical signal that is analyzed by the UBIS 5000
software. This is repeated a total of 3600 times to provide a scanning area of 60mm x 60mm.
UBIS 5000 software thus creates an image scan of the complete calcaneus, from which a
specific region of interest (ROI) (a 14 mm diameter circle) is automatically selected, based
on the area of lowest attenuation. This allows UBIS to adapt the region of interest to the
anatomy of each patient, and avoids inconsistent readings that are possible with a system

using fixed transducers.

The results are given as Broadband Ultrasound Attenuation (BUA) —in dB/MHz. This
ultrasound parameter is based on the frequency dependent attenuation, with the higher BUA
values corresponding to lower risk of fracture, and vice versa. BUA is defined as the slope
of frequency dependent attenuation between 200 and 600 kHz. It is therefore an attenuation
divided by a frequency, measured in dB/MHz. The assessment of BUA is based on the
comparison between an ultrasonic wave transmitted through the bone and another wave
transmitted in water. These two measurements allow one to calculate the attenuation as a
function of frequency, the BUA. BUA gives a good assessment of fracture risk.

Before the BUA measurement can be used for a diagnosis it needs to be compared to the
average value of young normal Caucasian females. This comparison is done using an index
called T-score, which represents the BUA value on a normalized scale. T-score below
(above) zero corresponds to a bone weaker (stronger) than that of the average young normal
Caucasian woman. The T-score is the recommended parameter for assessing the risk of

fracture.

Comparing the actual BUA value to the average value in a healthy population of the same
gender, ethnic origin, and age, when expressed in terms of standard deviations (SDs) of that
population, is called Z-score, which can be used as an aid in the detection of conditions
associated with non-age-related bone loss.

The UBIS 5000 is controlled directly by the dedicated computer. All instructions and
examination results are maintained in the computer, along with a software version of the
User Manual. UBIS 5000 allows the possibility to back-up the results onto disk. Hardcopy
printouts of the examination results are possible using an external printer.

A UBIS examination includes the following steps: stabilization test, calibration, scan, and a
signal and image processing operation.

The stabilization test ensures that the conditions of measurement-are correct. This test is
based on repeated scans of the heel. Each pre-scan lasts 1 minute and produces a low
resolution image. This image allows the software to calculate the coordinates of an ROL



From the assessment of ultrasound parameters in this ROI, the software will automatically
determine if the measurement conditions are correct.

Once these requirements are met, the calibration stage will start automatically. This

measurement is carried out in the water, using a dedicated path found under the foot. It will
be used as a reference measurement to calculate BUA and SOS. This same measurement is
also used for an automatic test of the system, generating an error message if the signal does

not have the expected properties.

Having satisfied the calibration stage, the system proceeds with the main scan of the foot,
lasting 2 minutes.

The software will thus re-build the ultrasound image, which can be considered as a map of
BUA. It then calculates the ROI, defined as the region of minimum attenuation in the

postero-inferior part of the calcaneus.

UBIS 5000 then makes the calculation of the mean BUA found in the ROL This
combination of a digital image of the foot and an automatic ROI detection algorithm is the
key to UBIS 5000. It enables the measurement of bone properties at a reproducible location
of the heel, taking into account each time the patient’s anatomy and its position relative to the
ultrasound transducers. This technology increases the precision of the measurement, as well
as its diagnostic value, i.e., its ability to detect patients at risk of fracture.

. ALTERNATIVE PRACTICES & PROCEDURES

Alternative methods for assessing bone status include single energy x-ray absorptiometry
(SXA), dual energy x-ray absorptiometry (DXA), quantitative computed tomography (QCT),
single photon absorptiometry (SPA), and dual photon absorptiometry (DPS). Of these
techniques, SXA, DXA and SPA have been used specifically for the estimation of bone
mineral density (BMD) of the calcaneus. These established techniques estimate BMD ata
variety of anatomical sites, including the heel, by measuring the attenuation of x-rays due to
passage through the bone. In addition, there are several bone sonometers that are currently
being marketed for assessment of a patient’s skeletal status (fracture risk).

. MARKETING HISTORY

UBIS has been commercially available in markets outside the Unitéd States since 1996. The
model UBIS 5000, available since 1998, has sold in excess of 720 units in 28 countries
world-wide, in Europe, Latin America, Asia and the Middle East. No UBIS 3000 or UBIS
5000 has ever been withdrawn from any market due to reasons related to safety or
effectiveness.

. ADVERSE EFFECTS OF THE DEVICE ON HEALTH

None known.
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10. PRE-CLINICAL STUDIES

a) Electrical Safety

Diagnostic Medical Systems (DMS) certified compliance of the UBIS 5000 with the
general safety requirements of IEC 60601-1:1996 and the electrical safety requirements

of IEC 60601-1-1:1996.

b) Electromagnetic Compatibility

DMS certified compliance of the UBIS 5000 with the electromagnetic compatibility
requirements of IEC 60601-1-2:1996 (EMC Directive 89/336/CEE).

¢) Ultrasound Acoustic Evaluation

Three ultrasound transmitting/receiving probes were tested in accordance with Track 1 of
the Food and Drug Administration (FDA) 510(k) guidance document entitled “Measuring
and Reporting Acoustic Qutput of Diagnostic Ultrasound Medical Devices,”

(1985). The acoustic output values were within the 510(k) limits specified in FDA’s
guidance “Information for Manufacturers Seeking Marketing Clearance of Diagnostic
Ultrasound Systems and Transducers” (1997).

0.27
0.16 0.18 0.14 13%
190 170 100 26%
240 210 131 25%
ftidiameter (em)i| 0.72 0.73 0.77 7%

Table 1- Acoustic Ouput Values

d) Software

The UBIS 5000 software was classified as minor level of concern. Software hazard risk
analyses were carried out and showed that all hardware, software, and user concerns were
adequately addressed. Verification, validation, and unit testing demonstrated that the
device operated in a manner as described in the specifications.

e) Biological / Sterility
The patient contact materials used in the UBIS 5000 are ones which have been used in

the medical field without any known adverse effects or reactions. No testing was done,
since the safety of the contact materials was well established.
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The units are to be cleaned with a disinfectant between patients. The labeling provides
specific instructions on how to ensure the effective use of the disinfectant.

The Ultrasound Solution contains chemicals known in the medical field and provides no
risk to the patient at the concentrations employed. No testing was deemed necessary.

11. SUMMARY OF CLINICAL STUDIES

Clinical studies were conducted to assess the safety and effectiveness of the UBIS 5000, a
quantitative ultrasound bone sonometer device, as an aid to establish the diagnosis of
osteoporosis and to identify patients with high risk of osteoporotic fracture. These clinical
studies were aimed at meeting the following objectives:

e To establish a U.S. Reference Database for the BUA (in dB/MHz) of UBIS 5000 on
healthy or non-fractured Caucasian U.S. women aged 20 to 79 (“Reference Database

Study”).

e To estimate the in-vivo short-term precision of the BUA obtained by UBIS 5000
(“Precision Study”).

e To establish the capacity of UBIS 5000 BUA a) to assess the risk of fracture, b) to
discriminate between patients who have suffered atraumatic fractures and age-
matched control subjects who have never had an atraumatic fracture, and c) to
compare the performance of the device with those of one DEXA and two QUS
systems, in order to assess possible bias in selection of control patients ("Fracture

Risk Studies").

Clinical studies were carried out in two U.S. centers, located in Massachusetts and
California, and in one European center, located in Switzerland. The same protocol was
followed in all the centers.

a) Reference Database Study

Four hundred seven (407) healthy Caucasian U.S. females, ranging in age from 20 to 79
years, were used to establish the normality curve. A segmental linear regression analysis
based on a moving average over ten years of range with a step of five years gave the
following result for the normality curve:

From 20 to 50 years old, BUA=0.0066Age ; + 64.573
From 51 to 59 years old, BUA=-0.3088Age; + 80.538
From 60 to 79 years old, BUA= -0.0746Age; + 66.585

The normality curve of UBIS 5000 BUA for Caucasian U.S. women is displayed in the

Figure 1, showing that between 50 and 59 years old (post menopause) the BUA
significantly declines by 2.8 dB/MHz (i.e., around 65% of the range). Then, between 60

6
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and 79 years old, the BUA declines by an average of 0.75 dB/MHz per decade (i.e.,
around 17% of the range).
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Figure 1 - Normality Curve of UBIS 5000 BUA for Caucasian U.S. Women

The 20-39 age range was selected for the representative sample of the young normal
Caucasian U.S. female reference population. This young reference population’s mean BUA,

as well as its standard deviation (SD), were calculated for the purpose of generating T-scores.

(See Table 2.)
Value 95% Conﬁdénce Interval
Mean BUA UBIS
5000 64.8 64.2 -65.4
Standard Deviation] 4.1 33-4.8

Table 2- Young Reference Value for UBIS 5000 BUA (Data From 171 U.S.
Caucasian Females, Ages 20 to 39)

Given the previous results, the T-score of the patient “j is calculated as follows:
BUA; —64.8

4.1

€6399

T—scorej =

In order to calculate the Z-score, the SD of the BUA for the 50-79 age group was calculated:
SDso.70 = 5.0 dB/MHz. The Z-score of patient ‘57 is calculated as follows:

BUA, —0.0066 Age ; — 64.573
5.0

From 40 to 50 years old, Z — score ; =

where BUA, is the BUA measured on the patient “j”.
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BUA; +0.3088 4ge; —80.538

From 51 to 59 years old, Z — score ; = 50
BUA; +0.0746 Age; — 66.585
From 60 to 79 years old, Z — score ; = 0

€637?

where Age; is the age of the patient “J”.

b) Precision Study

d)

Fifty-eight (58) subjects ranging in age from 20 to 79 were recruited by the two U.S.
centers and used to assess the measurement reproducibility. Each subject was examined
three times with UBIS 5000, with foot repositioning before each examination.

Precision was evaluated by calculating the RMS SD, the RMS CV, the CV , the SCV,
longPE,, and the TSD. (Refer to attached labeling for definitions.) Results are displayed

in Table 3.

BUA UBIS 5000
RMS SD | 0.41 dB/MHz
RMS CV | 0.65 %

CV 0.50 %

SCV 2.18%
LongPE.. ] 3.1 years

TSD 0.10

Table 3- Results of the Evaluation of the UBIS 5000 Precision (58 U.S. Subjects
Aged between 20 to 79)

Correlation Study

Fifty-four subjects ranging in age from 20 to 79 enrolled by the Californian center. Each
subject had an examination on the same foot with UBIS 5000 as well as with a LUNAR

PIXI according to the Operator’s Manual.

Results showed that UBIS 5000 BUA and heel BMD obtained with LUNAR PIXI were
correlated with a correlation coefficient of Pearson of r=0.89. This demonstrates a lack of
significant bias in the selection of the control patients.

Fracture Risk Studies

Two fracture risk studies were independently carried out in the Swiss and California
centers.

Tables 4 and 5 show that the UBIS 5000 measurements for the fractured subjects, when
expressed in T-score or in Z-score, are similar to neck or spine BMD, or to QUI and
stiffness results.



Controls Fractured | Z-score | T-Score

BUA UBIS 5000 §61.5 £5.0 572 +48 -0.8 -1.9
Neck BMD 0.694 +0.111 0.614 £0.111 - -0.6 -1.5
Spine BMD 0.954 +0.141 0.839 +0.141 -0.7 2.1

Table 4- California Center, UBIS 5000 and DEXA Parameters of the Two Groups
Expressed in Z-score and T-score

Controls Fractured Z-score | T-Score
BUA UBIS 5000 604 £5.1 54.6 +4.9 -1.1 -2.5
QUI (Hologic) 75.9 +16.1 574 +17.8 -1.2 24
Stiffness (Lunar) 72.7 +£12.7 57.1 +£12.2 -1.2 -2.6

Table 5- Swiss Center. UBIS 5000 and QUS Parameters for the Two Groups Expressed
in Z-score and in T-score

For each center, non-adjusted and adjusted Odds Ratios per standard deviation decrease
were estimated, with their 95% confidence intervals, and the areas under the ROC curves
were obtained (see Tables 6and 7).

Non-Adjusted Odds JAdjusted Odds Area under the ROC
Ratios (95% CI) Ratios* (95% CI)  |Curve** (95% CI)

BUA UBIS 5000 12.55 (1.55-4.20) }1.84 (1.15-3.37) J0.73  (0.62 - 0.81)

Neck BMD 225 (1.36-3.72) J1.69 (1.05-3.01) lo.71 (0.61-0.81) -
Spine BMD 2.40 (1.48-3.87)J2.23 (1.37-3.86) o.74 (0.63-0.82)
*Adjusted by age, weight, and height.

**Not adjusted by age.

Table 6- California center, Odds Ratios per Standard Deviation Decrease and Area under
the ROC Curve for each Bone Parameter




Non-Adjusted Odds |Adjusted Odds Ratios* {Area under the ROC
Ratios (95% CI) (95% CI) Curve** (95% CI)

BUA UBIS 5000 |3.74  (2.12-6.60) ]3.15 (1.57-6.31) J0.81  (0.72-0.88)

QUI (Hologic) [3.92 (2.11-7.26) |2.89  (1.39-5.98) [0.82 _ (0.73 - 0.89)

Stiffness (Lunar) }4.62 (2.43 - 8.79) |3.70 (1.77-7.71) 10.82  (0.73-0.89)

*Adjusted by age, weight, and BMI.
**Not adjusted by age.

Table 7- Swiss Center, Odds Ratios per Standard Deviation Decrease and Area undef the
ROC Curve for each Bone Parameters

ROC curves as well as Odds Ratios analysis showed no statistical difference between
UBIS 5000 and DEXA technique or QUS systems (thus demonstrating the absence of
any significant bias in selection of control patients), and also demonstrating the ability of
the UBIS 5000 to discriminate between fractured subjects and controls.

12. CONCLUSIONS DRAWN FROM THE STUDIES

a)

b)

Risk/Benefit Analysis

The UBIS 5000 is a useful clinical indicator of skeletal status, the clinical effectiveness
of which is comparable to that of established densitometry (BMD), but without the
exposure to ionizing radiation. The power level of ultrasound is significantly lower than
the accepted safe levels. It is reasonable to conclude that the benefits of an ultrasound
bone imaging system of UBIS 5000 outweigh the risk of illness or injury when used in
accordance with the directions for use.

Safety

The safety of UBIS 5000 has been demonstrated during the clinical evaluation, with no
reports of adverse events or side effects. This clinical experience is consistent with the
worldwide experience with UBIS 5000.

Effectiveness

The results of the clinical studies demonstrate that both the capacity of UBIS 5000 BUA
to discriminate between osteoporotic and non-osteoporotic subjects, and its ability to
assess risk of fracture are comparable with those of the spine and hip BMD obtained by
DXA absorptiometry technique, as well as those of the ultrasound parameters obtained by
two other FDA-approved QUS systems. BUA measured by UBIS 5000 has good
precision. Therefore, UBIS 5000 can be used as an aid to diagnosing osteoporosis and to
estimate the risk of subsequent atraumatic fracture.
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13. PANEL RECOMMENDATION

In accordance with the provisions of section 515 (c)(2) of the act as amended by the Safe
Medical Devices Act of 1990, this PMA was not referred to the Radiology Devices Panel,
a FDA advisory committee, for review and recommendation because the information in -

the PMA substantially duplicates information previously reviewed by this panel.

14. FDA DECISION

The applicant’s manufacturing facility was inspected on October 2-5, 2000, and was
found to be in compliance with the Quality Systems regulations. FDA issued an approval
order on July 17, 2001.

15. APPROVAL SPECIFICATIONS

Directions for use: See attached labeling.

The sale, distribution, and use of this device are restricted to prescription use in
accordance with 21 CFR 801.109 within the meaning of section 520(¢) of the Federal
Food, Drug, and Cosmetic Act (the act) under the authority of section 515(d)(1)(B)(ii) of
the act. FDA has also determined that, to ensure the safe and effective use of the device,
the device is further restricted within the meaning of section 520(¢) under the authority of
section 515(d)(1)(B)(ii) insofar as the sale, distribution, and use must not violate sections

502(q) and (r) of the act.

Hazards to Health From Use of the Device: See Indications, Contraindications,
Warnings, and Precautions in the attached labeling.
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